'U'I'_' SCM UI'_._IKI

Journal of the Korean Society of
Supply Chain Management

Volume 17 Number 1
2017 May

[

y= orRSCMESt



or= SCM 27|

Journal of the Korean Society of Supply Chain Management

1 2vkE FFY 7 Yad
1591 2%

As business environments have changed rapidly,
smart technologies based on IT (Information
Technology) has been applied to business
practices to deal with the uncertain environment.
In this study, we have reviewed the current status
of SMART supply chain management (Smart
SCM) initiatives in which smart technologies
were used to improve SCM capabilities. Then, we
selected factors to prioritize the effective
implementations of smart SCM initiatives. These
factors fall into four categories including supply
chain integration, big data and analytical
capability, IT Infrastructure and finally process
automation. We applied AHP (Analytical
Hierarchy Process) and IPA (Importance
Performance Analysis) techniques to identify
urgent improvement areas in smart SCM
initiatives. The analysis results showed that the
external supply chain integration is the most
urgent area to be improved in smart SCM

initiatives.

We study how to determine the optimal lot size in
a production process with binomial yield. First,
we review the precedent studies in binomial yield

production processes in inventory management

literature. In results, an extended new model is
presented to consider salvage values for leftover
inventories. We initially formulate it as a discrete
(unconstrained) optimization model, and then
convert it as a corresponding continuous
(unconstrained) optimization model by the normal
approximation. Finally, we prove the concavity of
the model, and examine the impact of salvage
value on the optimal lot size. All of these
analytical results are also confirmed
computationally with the numerical examples

generated by Monte Carlo simulation.
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Agent tries to get some extra profit or utility by
utilizing its own asymmetric information of the
level of its effort in the actions with principal in
the Principal-agent relationship within a supply
chain. However, though this trial from agent may
increases its own profit or utility it may generate
the loss in social welfare decrease because it
decrease the profit of principal by more amount
than the increase in the profit or utility of agent.
This paper deals with the estimation of this loss in
social welfare. In order to do it, we calculate the
profit or utility of agent and principal under both
case of information symmetry and information
asymmetry of the level of agent's effort and
compare them under a simple contract context. In
conclusion, we can observe the existence of the

loss in social welfare and estimate the size of it.

The purpose of this study is to figure out
precedence factors consisting of win-win
cooperation supply chains in the perspective of
sustainability and examine how those precedence
factors influence win-win cooperation supply
chains and also how win-win cooperation supply
chains influence sustainability’s three aspects,
economic, environmental, and social
sustainability. Furthermore, it will investigate
win-win cooperation supply chains in terms of
their roles as a parameter. To attain the goal, this
author has formulated and verified hypotheses.
First of all, precedence factors consisting of win-
win cooperation supply chains, transaction
fairness, transaction authenticity, social capital,
and CSR activity, influence win-win cooperation
supply chains in significantly positive ways.
Second, win-win cooperation supply chains
influence economic, environmental, and social
sustainability in significantly positive ways. Third,
win-win cooperation supply chains play roles as a
parameter between transaction fairness,
transaction authenticity, social capital, and CSR
activity and economic, environmental, and social
sustainability.

Accordingly, this author suggests individual
companies composed of supply chains to enhance
the level of cooperation as a win-win cooperation
supply chain in order to elevate sustainability
even further. This study is significant in that it has

figured out correlation between the precedence

factors of win-win cooperation supply chains,



transaction fairness, transaction authenticity,
social capital, CSR activity, and a win-win
cooperation supply chain and economic,

environmental, and social sustainability.
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This research attempted to explore the ways for
Incheon Port to become the center of distribution
processing and logistics of the processed food to
be exported to China utilizing Incheon Port
hinterland. Therefore, Incheon Port can perform
the role of an export port, breaking away from the
stereotyped function of the exclusively import
port. To do this, 16 key factors were derived
through in-depth-interviews. These were
hierarchized and the Fuzzy-AHP research model
was designed, and the empirical analysis was
conducted.

As a result, it was found that in the Criteria
level(Level 1), “food safety factor” was evaluated
as the highest priority, and in the Subcriteria
level(Level 2), “the building of cold chain” was
evaluated as the highest priority, followed by
“technological capabilities” and “convenience in
export import distribution,” and this reflects the
characteristics of food, meaning that food hygiene
and safety should be considered as top priority,
and based on these results, the strategic
implications were presented to the government,
Incheon Port Authority, and the food industrial

circles.

This research aims to examine the relationship
among the internal green supply chain
management (environmental management
capability and green product design), the external
green supply chain management (green purchase
and cooperative relationship) and environmental
performance. Data was collected from a
questionnaire survey of 247 firms that participated
in the Green Partnership Program of the Korea
Institute of Industrial Technology. Based on a
valid 155 responses, we test hypotheses using
Structural Equation Model (SEM) method.

Empirical results show that internal green supply
chain management (environmental management
capability and green product design) appear to
facilitate the external green supply chain
management (green purchase and cooperative
relationship) at a significant level as expected.
The external green supply chain management
(green purchase and cooperative relationship)
appear to mediate the relationship between
internal GSCM practices and the environmental

performance.
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In modern business environment, supply chains
become more vulnerable to operational risks due
to globalization. It is a critical issue for supply
chain managers to manage operational risks
proactively and effectively. This paper proposes
the operational risk management model of global
supply chains. It predicts the supply chain
performance based on principal component
regression, assesses the supply chain risk using
the modified adaptive exponentially weighted
moving average control chart, and infers the core
operational risk source using a methodology
based on principle component analysis. 23 kinds
of operation indicators are developed to measure
the local operating performance. The model is

successfully applied to an industrial example.
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Fig. 1. The process of deriving Basic Factors for Smart Supply Chain Implementation
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An Analysis of Binomial Yield Production Process considering
Salvage Value

Sungyong Choi" + Jinmin Kim ™" + Jooyol Maeng ™~
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We study how to determine the optimal lot size in a production process with binomial yield. First, we review the
precedent studies in binomial yield production processes in inventory management literature. In results, an extended
new model is presented to consider salvage values for leftover inventories. We initially formulate it as a discrete
(unconstrained) optimization model, and then convert it as a corresponding continuous (unconstrained) optimization
model by the normal approximation. Finally, we prove the concavity of the model, and examine the impact of
salvage value on the optimal lot size. All of these analytical results are also confirmed computationally with the
numerical examples generated by Monte Carlo simulation.

Keywords: Yield management, Binomial yield production process, Normal approximation, Salvage value

newsvendor approach in inventory management literature.

1. Introduction More specifically if demand of a product exceeds order
quantity, a company not only loses an opportunity for sales,

Determining an order quantity plays a vital role in a  but also incurs cost of stock-out due to inventory shortage. On
production system (Jeong et al., 2002). In a demand-driven  the other hand, if demand is less than the order quantity, its
production process, the mismatch situation between demand ~ surplus stocks may either become obsolete or depreciate in

and supply is quite common, which can be analyzed using a  Value. While many papers have studied optimal lot-sizing
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problems in various areas of study (Kim, 2010; Kim et al.,
2014), it is the newsvendor model that can reflect such
mismatch situation effectively in lot-sizing models in literature
of inventory management. In this paper, by using the
newsvendor approach, we study an optimal lot sizing problem
for the inventory managers who want to maximize their
expected profit when demand of a product is predetermined
and production yield exhibits uncertainty through a probability
distribution.

This paper presents an optimal lot-sizing model in a
binomial yield production process with non-rigid constant
demand where the yield of the production follows the
binomial distribution. Here, rigid demand model implies that
production processes should be made over and over again until
the full demand is met. On the other hand, non-rigid demand
model means that there is only one chance for the production
process, so production amount may not be equal to the
demand. In addition, we consider a single-product, single-
stage production process with non-rigid demand when salvage
value is included in the objective function. This model, first
formulated as a discrete optimization problem, is converted to
a corresponding continuous optimization problem through
normal approximation, and the result of the analysis is
presented in this paper.

The remainder of this paper is organized as follows. In
section 2, we provide literature reviews related to production
yield problems. Section 3 shows the formulation of the model.
Then, sections 4 and 5 show the analytical and numerical
results, accordingly. Finally, section 6 provides concluding

remarks and directions for future research.

2. Literature Review

In inventory management literature, the following papers
have studied production yields that follow the binomial
distribution in multi-stage serial systems. Lee and Yano
(1988) studied a multi-stage serial system to consider random
demand. The production process in a stage has its yield
independently. They aim to determine the optimal input
quantity in each stage. Yano and Lee (1995) provided a broad

review of inventory literature, particularly for the

o . Ee

v OTé

mathematical models in the lot-sizing problem with random
production yield. Barad and Braha (1996) studied make-to-
order production systems in single or successive production
processes when yields follow the binomial distribution. Braha
(1999) worked on an approximation method for each
production process in a multi-stage serial system with
binomial yield. Grosfeld-Nir et al. (2000) considered total cost
with inspection and manufacturing costs to study a multi-stage
production process. In addition, this paper also considered
other probability distributions than binomial yield, which are
interrupted geometric (IG) and discrete uniform (DU) yields.
Then, the former assume that if some units of a lot are
defective, all of the remaining units are also defective. On the
other hand, the latter indicates the situation of “common cause
yield, which is often found in batch production processes.
Grosfeld-Nir and Gerchak (2002) studied re-manufacturing
capacity in both single and multi-stage production systems
where defective items can be reworked at each stage.

There are some more papers that studied binomial yield in
the literature of inventory management. Fadiloglu ez al. (2008)
analyzed the choice of multiple suppliers with binomial yield
under the EOQ (Economic Order Quantity) problem setting.
The results show that single sourcing is an optimal choice.
Tajbakhsh et al. (2010) showed a similar result in a supply
chain setting.

As far as in our best effort in literature review, one of the
most similar works to ours is Choi et al. (2016) which also
studied a production process with binomial yield, but did not
consider salvage value. By comparison, this paper allows any
arbitrary salvage value and extends the model in Choi et al.
(2016) which shows the contribution and value of this work.

In fact, a few papers can be found in inventory management
literature to consider salvage value in binomial yield
production models. Grosfeld-Nir and Ronen (1993) studied a
single bottleneck case in a multi-stage production system with
multiple manufacturing subsystems. In results, their analysis
showed that nonnegative salvage value decreases the
production cost. Then, both Henig and Gerchak (1987) and
Grosfeld-Nir and Gerchak (2004) also considered salvage
value in their models.

In addition, the impact of salvage value has been studied in

various problem settings in literature. Monga and Zuo (2001)



studied a manufacturing design model to consider salvage
value in a parallel multi-stage production process. Then, they
suggested an optimal policy to minimize relevant depreciation
costs in the life cycle of the production process through
reliability-based design. Cachon and K6k (2007) suggested an
evaluation model for salvage value to establish the optimal
pricing policy in a newsvendor model. Although traditional
newsvendor models consider salvage value as constant, it may
often be irrational in practical situations. Then, they consider
more realistic salvage value including the case of nonlinear
functions. Mishra and Shah (2008) studied an inventory
problem of a product which has a discounted salvage value
over time. Chien (2010) studied the impact of salvage value by
considering customers’ optimal exchange time to their
products, and derived an optimal policy with a comparison
whether to give a warranty to customers or not. Tripathy and
Pradhan (2012) considered the products with continuous
demands and depreciation over time. Then, their models
studied the impact of salvage value on products to analyze

when to deliver the products and how to pay for them.

3. Model Formulation

We use the following parameters in this paper, and
variables used in this model contain both decision variables
and random variables. This model belongs to a stochastic
optimization problem because the objective is to maximize the

expected profit.

<Parameters>

n: demand for a (non-defective) finished good

¢: acquisition and production cost per unit of product

r: revenue per unit (of non-defective item)

b: shortage cost per unit when demand exceeds production

p: probability of an individual item becoming non-defective
finished product in the lot, 0 <p <1

s: salvage value per unit when production exceeds demand

<Decision Variable>
x: production quantity for finished goods (both defective

and non-defective)

& YA Z2A| A 2 15

<Random Variable>
Q: actual (non-defective) production quantity given as a

binomial random variable.

One core assumption in this problem is that demand of a
non-defective, finished product is predetermined and constant
while yield from each lot size is given as a random variable. In
other words, when demand for finished goods is 100,
producing 100 products is the optimal solution if there is no
uncertainty in production yield. Moreover, even if defective
items can be produced, yield can be not given as a random
variable. For example, if we consider a scenario where a half
of the lot always yields defective items while the rest non-
defective ones, planning production of 200 finished goods
would be the optimal solution by yielding 100 functional items
for sales, i.e., one needs to plan for a production quantity
exceeding demand due to production of defective items along
with non-defective ones. However, in reality, a production
yield of non-defective items varies all the time, so it is more
realistic to model it as a random variable. In other words,
production yield can be either higher or less than demand for
finished goods, and in either case, cost is incurred because of
mismatch between supply and demand.

The formulation which considers salvage value in this
paper is given below, and the profit function 7 (x, Q) of x and
Q is defined in equation (1). The symbol ( * )* indicates that a
positive number in the parentheses will come out the same
number while negative number or zero in it will give 0. Also,
Bin(x, p) in (2) represents the binomial distribution with
parameters x and p. This random variable has an average of xp
and variance xp(1-p). Furthermore, based on problem

definition, we have 0 <Q <xand 0 <n <x.

I (x, Q)=-cx+rmin(Q, n)-b(n-Q)*+s(Q-n)* (1)

where Q~Bin(x, p) with
P(Q=g)=(p)p(1p) @

The first term in equation (1) is the cost of acquisition and
production for entire goods, which is represented by a multiple

of x units of production quantity and the per-unit acquisition
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and production cost ¢. The next term is the revenue generated
from sales, where planned production quantity is given in x
and the actual yield quantity Q. The smaller of demand
quantity n and Q becomes non-defective production quantity
for sales. Therefore, the total revenue can be obtained by
selling the minimum of Q and n, i.e., min(Q, n), at the price of
r. The last two terms in equation (1) pertain to costs incurred
from mismatch between n and Q. The third term is stock-out
cost due to not producing enough quantity. If O<n, the amount
of shortage (n-Q) multiplied by per-unit shortage cost b
becomes the cost of stock-out. On the other hand, if QO<n,
shortage does not occur, and the cost of stock-out becomes 0.
Finally, the fourth term is related to salvage value. If O>n, (Q-
n) units are overproduced, and these items can be salvaged at
the value of s each. On the other hand, if Q <n, overproduction
does not occur, and the total salvage value becomes 0.

The objective function is to maximize the expected profit as
shown below. This model does not impose any constraints other
than the nonnegative condition for x, i.e., x>0, to make the
problem nontrivial. Therefore, it is considered as an
unconstrained optimization problem. Then, in order to avoid

trivial cases, it is required to hold an additional condition, r>c>s.

max E[11(x, Q)]

= E[~cx +rmin(Q,n) — b(n — Q)* + s(Q — n)*]

=—cx + rz q (:) pi(1—p)*1

q=0
x

+rn Z (:) pi(1—p)*1

q=n+1

—b Zn:(n -q) (:) p?(1—-p)
q=0

+s ) @=m(])pra-pre
q=n+1 (3)
4. Analysis

In this section, we begin our analysis by proving concavity

of the model as it is a maximization problem.

Theorem 1. E[ /] (x, Q) ] is a concave function with respect to x.

o . uﬂzgj_

v o T

Proof) This theorem aims to prove our objective function
represented in equation (3). The first term -cx is linear in x, so
also is concave in x. Then, the sum of the other three terms is
(piecewise) concave and kinked linear in Q because the sum
of the three terms has a slope of s, if O>n, but r+b otherwise,
which is higher than s. As Q is a linear function of E[Q]=xp
and also x, so is the sum of the three terms in x. Thus, the sum
of the three terms is also concave in x.

Due from the above proof in Theorem 1, we could show the
concavity of the objective function in the original model,
indicating the existence of the optimal solution. However, the
original model, represented by equation (1), is a discrete
optimization problem. Thus, while the objective function of
the model is concave, the model is neither continuous nor
differentiable, making our further analysis intractable. Please
note that the concavity of the model is not subject to the
continuity or differentiability of the model. Then, for our
further comparative static analysis using differentiation, the
remedy is to convert the original discrete model into a
corresponding continuous and differentiable model using

normal approximation method as follows:

max E[71(x, Q(x))]

E—Cx+rf qf(x,Q(x))dq+ rnf f(x,Q(x))dq
0 n

~b [ 0= 000)da+ s [ - mf(x 009)dg

“4)
where  Q(x)~N(xp,xp(1 —p)) with
(a—xp)*
Q@) = Jan;(l—p) exp (- sz(ll:m) 5)

Here, N(xp, xp(1-p)) in (5) represents the normal
distribution with mean xp and variance xp(1-p). With this
conversion, the approximation model in equation (4) allows an
effective analysis by possessing two nice properties,
continuity and differentiability, although the approximation
model does not match perfectly with the original one.
However, in literature, Box, Hunter and Hunter [2] shows that
the binomial distribution becomes sufficiently close to its
normal approximation when both xp>5 and x(1-p)>5 are
satisfied by either having x sufficiently large or p close to 0.5.

Thus, it can be considered that the concavity in the original



model is still preserved in the approximation model. Then, the
rest of the analysis is based on approximation model
represented in (4) and (5), and the equation (4) can be

rewritten by rearrangement as follows:

max E [17 (x, Q (x))]

= x(p—0)—b f (n—)f (x,Q())dq
0

—r—s) f (- f(x, Q(x))dg o

Then, the first-order derivative of E[](x, Q)] above with

respect to x can be described as follows.

OE[11(x, Q(x))]
dx

= (p-0—b f (- f(x,0(0))dg
0

—(r=s) <f (a=n)fe(x, Q())dg+(x —W)f (x, Q(x))> s

Here, f(x, Q(x)) is the first derivative of flx, Q(x)) with
respect to x. As it is unable to obtain the closed-form optimal
solution, we analyze the monotonicity of the impact of salvage
value on the optimal lot size in Theorem 2. We also confirm
the monotonicity numerically in the next section by using

Monte Carlo simulation.

Theorem 2. When the demand (n) goes to infinity, the
(approximate) optimal lot size monotonically increases when

the salvage value (s) increases.

Proof) In order to determine the impact of salvage value (s),
we derive the second-order mixed partial derivative of E[ /7 (x,
Q)] with respect to s and x is given by Leibniz’s rule as

follows:

0%E[M (x, Q(x))]
dsdx

= [ - wA(ee@)dat G- mf 0w
" ®)

Then, the sign of equation (8) is indeterminate, and depends
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on parameter values. However, the right-hand side of equation
(8) goes to zero when n is sufficiently large. Note that in

equation (6),

0< f (g —mf(x,Q(x))dq

< f (= n)f (3, 000) dg = (x— m)f (%, Q) f dq

= (x=n)*f(x, Q)< x* f(x,Q(x)) ©)

Here, the third equality in equation (9), ["(x — n)f (x, Q(x)) dq =
G =n)f(x,Q) [; da | holds true because fx, O(x)) is not a
function of ¢. Then, if n - o, x2f(x,Q(x)) = 0 as fix, Q(x))
decreases exponentially with n<x. So, if n— o, [7(g—n)

f(x,Q(x))dq - 0. Then, the first-order derivative of E[I] (x,
0)] with respect to x in equation (7) changes to

OE[M (x, Q(x))]
dax

=(p-c)—b f (- £ (x, Q) dg
0
(10)

Thus, the second-order mixed derivative of E[ /7 (x, Q)] with

respect to x and s becomes to be zero, which is nonnegative.

5. Numerical Results

In this section, we examine a comprehensive numerical test
to confirm our analytical findings. We apply Monte Carlo
simulation for the model. Then, the simulation process can be
described as follows. Yield (Q) is randomly generated from a
binomial distribution with a sample size 1000. Then we
replace the original yield distribution with the 1000 realized
fixed values from the sample. In doing so, the resulting
models become to be deterministic models by removing
uncertainty of the original models. More specifically, the
(initial) approximate model is converted to a linear
programming model while the (initial) exact model is figured
in a MATLAB code by enumeration.

In the example, we consider a base case where we choose

the model parameters such as ¢=20, =70, b=100, n=40, p=0.8,
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s=10. As both xp >np=40 - 0.8=32 and x(1-p) >n(1-p)=40 -
0.2=8 are higher than 5, it is expected that our approximate
model is sufficiently close to the original model. Then, the
(numerical) optimal solution is given as x=55 for the exact
model and x=54.748 for the approximate model with the error
gap 0.46%. For the case of objective function, the (numerical)
optimal objective value is 1717.897 for the exact, original
model and 1720.691 for the approximate model with the error
gap 0.16%. From this numerical result, the level of accuracy of
our approximation model compared to the original one is very
high, which justifies our analysis in this work. It should be
more evident when our approximation is compared with a
possible and simple heuristic solution, n/p=40/0.8=50. In fact,
this heuristic solution will be simply obtained when the
randomness of our binomial yield is removed and the resulting
yield is fixed with the expected number of the binomial yield.
Consequently, the resulting error gap of the heuristic solution is
9.1%. From that sense, our approximation model shows much
less error gap compared with the heuristic solution, and our
model provide much better results than the heuristic solution.
Next, we provide 14 more scenarios including the base
case, which means totally 15 scenarios for our computational
study. Since all of xp and x(1-p) are larger than 5 for all of the
15 scenarios, the approximation models can be good substitute
for the original models in all of the 15 scenarios. Then, we
conduct our sensitivity analysis with the 15 scenarios (base
case: scenario 1 and the other 14 cases: scenario 2 through 15)
in terms of to the three model parameters, salvage value (s),
demand (n) and non-defective probability (p). More
specifically, we split the 15 scenarios into three groups and
use the first five scenarios (group 1 through 5) for the
sensitivity analysis in terms of the salvage value, s=2, 6, 10,
14, 18. In doing so, we can focus on the impact of salvage
value on the optimal lot size, and the results are tabulated at
Table 1. Here, the labels, ‘Exact X’ an ‘Approximate X’
indicate the optimal lot size in the (numerical) exact and
approximate models. According from the results in Table 1,
our Theorem 2, saying that increased salvage value leads to
higher optimal lot-size, is confirmed numerically. Similarly,
we use the next five scenarios (scenario 6 through 10) and last
five scenarios (scenario 11 through 15) for the sensitivity

analyses in terms of demand, n=30, 40, 50, 60, 70, and non-

2]
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defective probability, p=0.4, 0.5, 0.6, 0.7, 0.8, respectively.
Then, the results of the sensitivity analyses in terms of demand
and non-defective probability are also summarized at Tables 2
and 3, respectively. According from Tables 2 and 3, the
movement pattern in the optimal lot size is consistent with our
insights, indicating increased demand (or decreased non-
defective probability) leads to higher optimal solution. Finally,
in our numerical examples, we generate the parameters
randomly in each scenario from certain predefined uniform

distributions.

6. Conclusion

This paper studies the optimal lot sizing problem in a
binomial yield production process. We first formulate a
discrete optimization model when production yield follows the
binomial distribution, and converts it into an unconstrained
continuous optimization model by using the normal
approximation. We also consider a salvage value in the model,
extending the previous studies in literature. As a result, the
reality of the model to industry has been improved. Then, we
prove the concavity of the model, and conduct our
comparative static analysis. All of the analytical results are
confirmed with the numerical examples.

As a concluding remark, the contributions of this paper can
be summarized as follows. First, our research model is unique
and analytically challenging. We provide a reformulation to
convert a discrete optimization model into a continuous model
successfully. In doing so, it is possible to analyze the model
effectively to conduct our comparative static analysis with
numerical examples. Although we are not able to derive the
closed-form optimal solution, such situation is neither
uncommon in literature of inventory management, nor lower
the value of the analysis. Second, our approximation method
shows much better results than in the corresponding
deterministic heuristic model where a random yield of Q is
replaced by the expected yield. It implies that our approximate
optimal solution has a much less error gap compared with the
exact optimal solution than the heuristic solution. Thus, by
deriving the approximate model, we can analyze the model,

otherwise intractable.



Table 1. Impact of salvage value (s) on the optimal lot size
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Scenario 1) ¢=20, r=70, b=100, n=40, p=0.8

Salvage value (s) 2 6 10 14 18
Exact X 54 54 55 55 56
Approximation X 53.889 54.278 54.748 55.347 56.184
Scenario 2) ¢=33, r=65, b=100, n=35, p=0.54
Salvage value (s) 2 6 10 14 18
Exact X 67 67 68 68 69
Approximation X 67.041 67.373 67.731 68.118 68.538
Scenario 3) ¢=26, r=88, b=120, n=67, p=0.57
Salvage value (s) 2 6 10 14 18
Exact X 125 125 126 127 128
Approximation X 124932 125.485 126.093 126.766 127.523
Scenario 4) ¢=39, r=63, b=85, n=42, p=0.77
Salvage value (s) 2 6 10 14 18
Exact X 56 56 57 57 57
Approximation X 56.160 56.378 56.616 56.877 57.167
Scenario 5) c=41, r=53, b=87, n=56, p=0.47
Salvage value (s) 2 6 10 14 18
Exact X 115 116 116 116 117
Approximation X 115.179 115514 115.867 116.241 116.638
Table 2. Impact of demand (n) on the optimal lot size
Scenario 6) ¢=20, r=70, b=100, p=0.8, s=10
Demand (n) 30 40 50 60 70
Exact X 42 55 68 81 94
Approximation X 41.623 54.278 67.799 80.796 93.754
Scenario 7) ¢=47, r=86, b=82, p=0.52, s=4
Demand (n) 30 40 50 60 70
Exact X 57 76 95 114 133
Approximation X 56.747 75901 95.065 114.235 133410
Scenario 8) ¢=39, r=51, b=116, p=0.78, s=16
Demand (n) 30 40 50 60 70
Exact X 41 54 67 80 93
Approximation X 40.882 54.087 67.247 80.375 93477
Scenario 9) ¢=27, r=63, b=91, p=0.68, s=7
Demand (n) 30 40 50 60 70
Exact X 47 63 78 93 108
Approximation X 47489 62.735 77916 93.051 108.152
Scenario 10) ¢=32,r=75,b=112,p=042, s=11
Demand (n) 30 40 50 60 70
Exact X 74 98 123 147 171
Approximation X 74077 98.398 122.657 146.873 171.056
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Table 3. Impact of non—defective probability (p) on the optimal lot size

Scenario 11) ¢=20, r=70, b=100, n=40, s=10

Non-defective probability (p) 04 05 0.6 0.7 08
Exact X 108 38 74 63 55
Approximation X 107.813 87.801 73.717 63.139 54278
Scenario 12) ¢=25, r=55, b=106, n=46, s=14
Non-defective probability (p) 04 0.5 0.6 0.7 08
Exact X 120 98 83 71 62
Approximation X 120.150 98.340 82.903 71278 62.053
Scenario 13) ¢=30, r=51, b=92, n=68, s=9
Non-defective probability (p) 04 0.5 0.6 0.7 0.8
Exact X 170 139 117 101 89
Approximation X 169.549 139.081 117.866 101.316 88.626
Scenario 14) ¢=31,r=79, b=87, n=51, s=4
Non-defective probability (p) 04 05 0.6 0.7 0.8
Exact X 128 105 89 76 67
Approximation X 128.362 105.227 88.826 76.527 66.857
Scenario 15) c=44, r=76, b=90, n=34, s=5
Non-defective probability (p) 04 05 0.6 0.7 08
Exact X 80 67 57 50 44
Approximation X 79.976 67.182 57512 50.023 44013
As limitations of our work, we focus on binomial REFERENCES

distribution for the random yield and non-rigid fixed constant
for demand function. First, with regard to the yield, some
other distributions may be considered except binomial
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An Approach to the Estimation of the Loss in Social Welfare Caused
by Information Asymmetry between Principal and Agent within a
Supply Chain

Taeho Kim" - Sang-Hyun Kim - Byeong-Chan Chae - Sang-Hoon Lee

Department of Business Administration, Incheon National University

Agent tries to get some extra profit or utility by utilizing its own asymmetric information of the level of its effort
in the actions with principal in the Principal-agent relationship within a supply chain. However, though this trial from
agent may increases its own profit or utility it may generate the loss in social welfare decrease because it decrease the
profit of principal by more amount than the increase in the profit or utility of agent. This paper deals with the
estimation of this loss in social welfare. In order to do it, we calculate the profit or utility of agent and principal under
both case of information symmetry and information asymmetry of the level of agent°@s effort and compare them
under a simple contract context. In conclusion, we can observe the existence of the loss in social welfare and
estimate the size of it.

Keywords: Principal-agent, Social welfare, Supply chain, Information asymmetry
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Correlation between Win-Win Cooperation Supply Chains and
Sustainability in the Perspective of Sustainability
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The purpose of this study is to figure out precedence factors consisting of win-win cooperation supply chains in
the perspective of sustainability and examine how those precedence factors influence win-win cooperation supply
chains and also how win-win cooperation supply chains influence sustainability’s three aspects, economic,
environmental, and social sustainability. Furthermore, it will investigate win-win cooperation supply chains in terms
of their roles as a parameter. To attain the goal, this author has formulated and verified hypotheses.

First of all, precedence factors consisting of win-win cooperation supply chains, transaction fairness, transaction
authenticity, social capital, and CSR activity, influence win-win cooperation supply chains in significantly positive
ways. Second, win-win cooperation supply chains influence economic, environmental, and social sustainability in
significantly positive ways. Third, win-win cooperation supply chains play roles as a parameter between transaction
fairness, transaction authenticity, social capital, and CSR activity and economic, environmental, and social
sustainability.

Accordingly, this author suggests individual companies composed of supply chains to enhance the level of
cooperation as a win-win cooperation supply chain in order to elevate sustainability even further. This study is
significant in that it has figured out correlation between the precedence factors of win-win cooperation supply chains,
transaction fairness, transaction authenticity, social capital, CSR activity, and a win-win cooperation supply chain
and economic, environmental, and social sustainability.
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Table 1. Detailed measurement items and prior research of research variables

Ha Hs N2 &4 8= Hx dEyAR

FAL | 7R gAIete) Aote &4

FA2 | ARAAETLY A 27t 54 Adams(1963)

FA3 | A 7t Foje= Aol 2 34 Blodgett et al.(1997)
2 o FA4 | Ayl Aesta A7EAE 34 sHA 74 Greenburg(1990)
xind FA5 | A Ao AL 253501 44 GreenBurg and
°°° FA6 | A S =HEs 3 McCarty(1990)

FAT | 73 2AE F98kaL 34 74 Smith et al.(1999)

FA8 | Yrtag& Fof Azl dAREol tsto] olsfate] i =¥ Tax et al.(1998)

FA9 | Aekzoz 34T A7t HES g

AUL | $9] 3 ALE2 AASNA M =7 AlF

AU2 | 92 AL A Y52 AREARl Aula 423 oS AlF

- Beverland(2005)
7 2 AU3 | 2] 3AF A5 AadollA evks AfH|A Al ) i
- Gilmore and Pine(2007)

ESE AU4 | 2] 3AF A5 Aol eivks A/S AlF Hater(2002)

AUS | 2] 3AF A5 5t on|A], B HEE Bl &

AU6 | 2] AL AlE T AH| 2 dae 28 Al

SOCL | th& Adl A 75 4% #AE +5

SOC2 | W& A oA 7IdEdt 345 olsiiA 5 0]=3](2014)
LS SOC3 | o A A 7ded A=A 5 Carey et al.(2011)
A= SOC4 | o A #A 710*54—} ST L= Krause et al.(2007)

SOCH | & A TA 71A9E 2584 += Nahapiet and Ghosal(1998)

SOC6 | T A ¥4 7]‘“54 A 5

CSR1 | AAE LAA7IE = oA °]=3](2014)
csR CSR2 | wel-Fidd, A& & Barnea and Rubin(2010)
e CSR3 | 14 &9 4 334 Carroll(1991, 1999)
- CSR4 | FAo ot T4 o Schwartz and Crroll(2003)

CSR5 | 719 A9ud 4% WEEE, adA, &4 &5 Staples(2004)

_ SC1 | A A 71d=2 @714 71359 2% 0ZAF - 0] 51(2008)
HAE SC2 | A wA 7195 ALH AfjiA fAE AT EE 2 =Y o]+€1(2015a, 2015b)
SEAE SC3 | Al A 719 AL - FTA A9 FY

e Flynn et al,(2010)
SC4 | A A 71959 dFASE o A B Y &5
ECP1 | 54 JIHEAGE) Y 244 /i
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ECP4 | AN &% 714419 571 S0 9(2014)
ENP1 | A+ ARERFY 114—7- s 0] =3](2015, 2016)
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ﬂ;;; o | ENP3 | A A g Zlé’ﬂ 57 o]5=4(20150)
ENP4 | o|lZa5&49] 57} oj=¢ - o]=4(2015)
ENP5 | ggad AapA| o] 7jA Carter and Rogers(2008)
SCPL | 719 oW A(BA) 57t Carter and Easton(2011)
e | SCP2 A& W AEIS BRE ofu|] 37 Elkington(1998, 2004)
AT SCP3 | 7ol tigt Al= = &7} Jacobs and Chase(2014)
SCP4 | A% FRIE9| Q4] Foby
SCP5 | olsjeAIRETe] ANk Ql A4 Fe 24
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Table 2. Characteristics of surveyed companies

()%

zel 5091 ¢ mjvt 50~10021 € | 100~5009 ¢ | 500~1000% € | 1000~50009 ¢ | 50009 ¢ o]4
1209.3) 18(14.0) 13(10.1) 13(10.1) 17(13.2) 56(43.4)
soi 50 gt 50~100% 100~500% 500~1000 1000~5000 50009 o] 4
24(18.6) 14(10.9) 20(15.5) 11(8.5) 5(3.9) 55(42.6)
sfat - A e e AR A A7) - 714
o 4(3.1) 5(3.9) 2(1.6) 78(60.5) 10(7.8)
- g} BE 24 - 22 BERE! 7)€}
15(11.6) 6(4.7) 2(1.6) 7(5.4)
X 9 e o]} a2} 2 A4 o]t
- 85(65.9) 38(29.5) 6(4.7)
o 2 53wk 5~109 10~154 15~204 20~304 304 o}
- 15(11.6) 39(30.2) 17(13.2) 12(9.3) 21(16.3) 25(19.4)
ZIAE Supplier 20]3} Supplier 1 Assemblers
ol /x| 70(54.3) 28(21.7) 31(24.0)
AR SHE 7194 B 175 W AE YRR siglon 1A} gAA QQlEAl9 AW HRO R thA] Amos 21,05 ©]
Aol EHAQ Aol AMAFEEEE 2ARE AlSEtl 8ste] 22F gelA alEAlS Aldekltt
AESH e A o= AR 2455 AAstL %‘— 12} g7 QolRAL SPSS 22,08 o]g3to] Attt
12988 AEAE Aol & sigicth, A tiA A9 < A QRIEAZ Aldst7of ShAl 7|02 ARSIt
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& 7|28 AgEE 5009 Y ol4ko] 867 YA=
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Table 3. Exploratory factor analysis of research variables

M5
g
1 2 3 4 5 6 7 8

638 244 110 211 058 1349 173 174
678 263 .008 248 137 288 155 136
727 241 182 293 146 215 148 150
g 802 259 104 180 279 086 055 117
ok 784 1282 128 193 199 002 058 099
°°° 551 183 249 010 1200 080 158 113
501 255 133 1200 205 287 168 121

703 263 128 195 169 228 316 -.003
608 346 072 267 139 243 272 .099
173 194 193 132 726 262 1229 234
159 248 17 259 744 174 193 188
7424 264 249 281 1205 740 160 035 280
TN 1266 240 1302 354 647 165 199 132
247 220 216 366 691 189 143 113
264 145 192 435 530 270 249 121
323 17 280 169 169 282 210 179
281 779 27 131 211 216 146 087
A5l 1293 759 162 192 254 254 1209 134
e 337 750 148 1299 225 166 069 116
343 783 164 213 162 212 100 108
337 768 248 192 1209 160 122 127
240 256 111 776 194 291 110 162
csR 295 160 187 795 258 139 197 154
s 240 256 111 776 194 201 110 162
° 295 160 187 795 258 139 127 154
234 1206 243 586 1299 177 314 044
223 189 071 138 215 809 145 105
N 169 1296 7 247 159 766 147 050
NES 206 226 269 289 217 656 -.021 178
322 261 222 275 212 655 1029 085
387 134 353 108 148 212 594 199
AR R|& 195 250 1389 185 384 143 547 112
THsN 310 192 256 170 401 024 566 271
227 184 239 1292 197 048 638 146
074 1020 779 052 212 123 125 225
s X 047 120 834 129 083 162 096 125
e 168 170 825 170 165 169 161 .096
110 321 793 156 193 102 173 .093
134 1260 764 136 153 -.008 102 154
216 304 157 193 243 194 491 561
- 191 281 1235 278 235 231 394 561
i 212 253 244 1320 254 131 338 1600
°°° 143 046 311 .069 a7 062 -.026 791
090 157 160 1300 1356 118 1360 594

eige % 6239 | 5466 | 4947 | 45882 | 4661 | 3623 | 2973 | 2822

24 % 14180 | 12,422 | 11243 | 11097 | 10592 | 8234 | 6.757 | 6.414

X9 | 80.938
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Table 4. Intensive feasibility and reliability analysis of measurement items

HaH S=HS HZ QO p—at Cronbach’s a C.R. AVE
FA1 0.819 ok
FA2 0.828 ok
FA3 0.873 ok
FA4 0.797 ok
7 i
FA5 - - 0.948 0.924 0.636
334
FA6 - -
FAT 0.845 ok
FA8 0.886 ek
FA9 0.89 ok
AU1 0.851 ok
AU2 0.875 ok
7 2 AU3 0.914 ok 0.954 0.933 0.698
PSP AU4 0,917 o
AUS 0.905 ok
AU6 0.822 ok
SOC1 0.933 ok
SOC2 0.926 ok
At H SOC3 0.954 ok 0.977 0.959 0.795
NI= SOC4 0.924 ok
SOC5 0.934 ok
SOC6 0.943 ok
CSR1 0.899 ok
CSR2 - -
CSR
e CSR3 - - 0.895 0.872 0.696
° CSR4 0.908 e
CSRb5 0.789 sk
SCM1 0.847 ok
STAES SCM2 0.884 ok 0.913 0.901 0.696
SrEE SCM3 0.826 ok
SCM4 0.851 ok
ECS1 0.813 ok
PN B ECS2 0.837 ok 0.875 0.824 0.610
X&7tsH ECS3 0.862 ok
ECS4 - -
ENS1 - -
_ ENS2 0.776 ok
IRERS)
ENS3 0.927 ok 0.928 0.884 0.658
WNEVISE] -~
ENS4 0.948 ok
ENS5 0.847 ok
SCS1 0.881 ok
_ SCS2 0.934 sk
ALsl -
SCS3 0.935 sk 0.934 0.904 0.702
X&7tsd
SCS4 - -
SCS5 0.795 sk

o]7]A] ##% p €0.001 °J3}
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Table 5. Validity of discrimination of research variables

fueli=] 1 2 3 4 5 6 7 8
L AN 334 0.798
2. A A4 0.712 0.841
3. ARSI A2 0.777 0.714 0.891
4, CSR &% 0.743 0.796 0.677 0.834
5. a4 0.722 0.690 0.708 0.720 0.834
6. AA At 0.733 0.801 0.691 0.694 0.605 0.781
7. 87 At 0.498 0.631 0.604 0.537 0.524 0.689 0.811
8. AF2lA 3t 0.666 0.768 0.683 0.724 0.624 0.740 0.608 0.838

-zt o #& ZRNE= AVEY AE

A, Squared Multiple Correlations(SMC)2] ko] H]iL4
Srhy fetE = ges AASt] SHRY Y AP ST
7|12} spglet, 7| A AAE s A 54/ 0A] FAS,
FA6, CSR 2594l CSR2, CSR3, AAH A&7HsAolA
ECS4, 7478 A&7Fs40lA ENSL, AHEE 2|&7Hs/d ol Al
SCS49] g5 AAsEL A5 HaYshgit,

TEfGAL dubd o2 AVEQ] Al g o2 AN
of AuAS #E vuwste EAst=d(Fornell and
Larcker, 1981), $12] (Table 594 AAgH ZAH AVES] A|
Wi A O AN Y Al dEET onE SR
P& WA S 7HALL Sl wheba] 2 S 9% A7
O] AT B S FE SIoITE 3 SARG A SR
Fo AP s FEsto] UehH ofef o] (Table 6)2F At o
T ARE 7IEAE $5A Hohe FE(AGFL GFDE 31
U o SA71Es0] diE $50tke AoR yedth et
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Table 6. Fit of measurement and analysis model

&= slgex E=Sinl EMOH
X /df 3.0013} 1.545 1.706
X p €0.05 0.000 0.000
AGFI 0.90014 0.681 0.645
GFI 0.900]4 0.727 0.689
NFI 0.900]4 0.847 0.828
IFI 0.900]4¢ 0.940 0.921
CFI 0.900]14¢ 0.940 0.920
PGFI 0.600]4¢ 0.621 0.603
PNFI 0.60014¢ 0.765 0.764
RMSEA 0.050]3} 0.065 0.074
SRMR 0.08°]3} 0.042 0.064

0]4:9 - o] 45(2013)% GFI, NFL, CFI, TLI:= Y0.80]4 RMSEAL
0.10]8}H &]87}s sfchar

(1) 7Md H1, H29 AR 2%
2 Aol A g 7] Hi H29] A= o
(Fig 2)<} (Table 7)°l %2|sto] HERR AT,

ZHH M57hs8
R2=0.647

BN 15758
R2=0.441

EEAer
A
R2=0.824

M2IH 257158
R2=0.630

N

** p < 0.05, *** p < 0.01FEAN FolE

Fig. 2. Research of Model
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Table 7. Test results of hypothesis H1, H2
7t A 4 =2 42A2 S. E. tat [} RHEH/7 124
Hi-1 FA — SCM 0.173 0.080 2.159 0.031 e
H1-2 AU — SCM 0.233 0.078 2.978 0.003 R
H1-3 SOC — SCM 0.162 0.054 2.977 0.003 R
H1-4 CSR — SCM 0.194 0.082 2.360 0.018 e
H2-1 SCM — ECS 0.990 0.124 7.967 0.000 e
H2-2 SCM — ENS 0.861 0.130 6.621 0.000 e
H2-3 SCM — SCS 1.059 0.125 8.442 0.000 e
o714 A 34 :FA, Ad A4 1 AU, AHg1A A2 1 S0C, CSR 2% : CSR
THARES AAEEY 1 SCM, A X474 1 ECS, 34 247164 L ENS, AFlE Al47s4 1 SCS
Asted 7MY 8% 990US & 4= ook B3 7 H2ol A of gk #412 o5 (G 8)ofl A elste] YEh ot
A Ad ke AFEE2 A&7 37k e SaAREY AR AT EA% Aat 4R WeE
AAA - A - AR H A&7 ROl (Y ot AtololA FRuNHFEA Y] TS 5= AR e, o
FE AN, FEAEY Y AAA AETHEB FollAe Pkl Fhol 3,840 e w yEh Wizl et s
=0.990, p=0.000)2} AF2] A 2]444(6=0.1.059, p=0.000)°]l B] At F-&JoHA] HFE A gh= Fio] §lo] 72 A1) o

03 o S vAE A0 R et
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fuis=3 HHO}E 7{3}] TAA 7{3}1 x]x%/ﬂ /\]—Qﬂ x}ﬁl CSR &
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WA, A2 SYHRKD-FEERKI) me
2 Bkt 2EARA SYUAKD-IAERX )
£(X3)Rdo] A S Frlsict of 7|4 EHH4(X
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Table 8. Hypothesis H3, mediating effects of win—win cooperative supply chain

VIS %] z2 X Az A% S. E tzt P-2t 7H &t
H3-1-1 1 FA — ECS 74.032 0,774 0.097 7.941 0.000
2 FA — SCM 154.555 0.690 0.083 8.313 0.000
SCM — ECS 0.721 0,104 6.920 0.000
3 FA — SCM 125.882 0.674 0.084 7.990 0.000
SCM — ECS 0.178 0.123 1.451 0.147
FA — ECS A28.673 0,650 0.124 5.237 0.000 acy
H3-1-2 1 FA — ENS 94,204 0.535 0.101 5.291 0.000
2 FA — SCM 153.521 0.674 0.083 8.106 0.000
SCM — ENS 0,627 0.109 5.730 0.000
3 FA — SCM 149.455 0.669 0.083 8.016 0.000
SCM — ENS 0.395 0.147 2.679 0.007
FA — ENS 24,066 0.270 0,133 2.024 0.043 | HEREujz
H3-1-3 1 FA—SOS 96.164 0.737 0.097 7.564 0.000
2 FA — SCM 176.004 0.686 0.083 8.283 0.000
SCM — SOS 0.776 0.105 7.419 0.000
3 FA — SCM 159.760 0.671 0.083 8.042 0.000
SCM — SOS 0.348 0.131 2.658 0.008
FA — SOS A16.244 0.500 0.124 4,034 0.000 | -Eujz
H3-2-1 1 AU — ECS 53.014 0,733 0,088 8,377 0.000
2 AU — SCM 166.333 0.626 0.078 8.061 0.000
SCM — ECS 0,726 0.104 6.956 0.000
3 AU — SCM 118.358 0.601 0.078 7.696 0.000
SCM — ECS 0.101 0.100 1.006 0.315
AU — ECS A47.975 0.676 0.104 6.503 0.000 acy
H3-2-2 1 AU — ENS 43.692 0.634 0.095 6.691 0.000
2 AU — SCM 120.012 0.614 0.078 7.889 0.000
SCM — ENS 0.651 0.110 5.901 0.000
3 AU — SCM 99,323 0.601 0.078 7.670 0.000
SCM — ENS 0.196 0.126 1.563 0.118
AU — ENS £20.689 0,515 0.117 4,405 0.000 acy
H3-2-3 1 AU — SOS 69,484 0.795 0.088 9,064 0.000
2 AU — SCM 180.526 0.628 0.077 8.103 0.000
SCM — SOS 0,799 0.105 7.586 0.000
3 AU — SCM 138.446 0.600 0.078 7.706 0.000
SCM — SOS 0.209 0.109 1.908 0.056
AU — SOS A42.080 0.669 0.105 6.363 0.000 acy
H3-3-1 1 SOC — ECS 34.435 0.522 0.065 7.984 0.000
2 SOC — SCM 111.689 0.501 0.056 8.974 0.000
SCM — ECS 0.715 0.105 6.820 0.000
3 SOC — SCM 89.808 0.490 0.056 8.673 0.000
SCM — ECS 0.258 0.121 2.141 0.032
SOC — ECS A21,881 0.398 0.085 4,710 0.000 | -Eujz
H3-3-2 1 SOC — ENS 66.892 0,480 0.070 6.835 0.000
2 SOC — SCM 144.496 0.496 0.056 8.865 0.000
SCM — ENS 0.648 0.111 5.855 0.000
3 SOC — SCM 128.033 0.489 0.056 8.663 0.000
SCM — ENS 0.215 0.130 1.649 0.099
SOC — ENS A16.463 0.375 0.092 4,084 0.000 ey
H3-3-3 1 SOC — S0S 79.736 0.565 0.065 8.659 0.000
2 SOC — SCM 175.321 0.503 0.056 9.015 0.000
SCM — SOS 0.785 0.106 7.428 0.000
3 SOC — SCM 153.955 0.490 0.056 8.684 0.000
SCM — SOS 0.328 0.124 2.647 0.008
SOC — S0S A21,366 0,404 0.085 4,732 0.000 | -Eujz
H3-4-1 1 CSR — ECS 15.605 0.676 0,091 7.463 0.000
2 CSR— SCM 76.764 0.641 0.074 8.688 0.000
SCM — ECS 0,714 0.106 6.763 0.000
3 CSR— SCM 58.774 0.634 0.076 8.317 0.000
SCM — ECS 0.245 0.130 1.883 0.060
CSR — ECS A17.990 0.513 0.120 4,985 0.000 acy
H3-4-2 1 CSR— ENS 16.736 0.558 0.097 5.740 0.000
2 CSR — SCM 68.679 0.632 0.074 8.540 0.000
SCM — ENS 0.639 0.111 5.749 0.000
3 CSR — SCM 62.334 0.630 0.075 8.348 0.000
SCM — ENS 0.336 0.149 2.256 0.024
CSR — ENS A6.345 0.333 0.130 2.554 0,011 HHuf A
H3-4-3 1 CSR — SOS 26.844 0,765 0.089 8,630 0.000
2 CSR— SCM 112.448 0.646 0.073 8.304 0.000
SCM — SOS 0,793 0.107 7.487 0.000
3 CSR— SCM 87.305 0.633 0.075 8.382 0.000
SCM — SOS 0.244 0.129 1.895 0.058
CSR — SOS N25.143 0.600 0.118 5.087 0.000 iiacy
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A Study on the Activation Factors of Processed Foods Industry
Exporting to China in Incheon Port’s Hinterland

Seung Kwon Bae - Won Geun Park - Ung An'

Division of Business Administration, Seokyeong University

This research attempted to explore the ways for Incheon Port to become the center of distribution processing and
logistics of the processed food to be exported to China utilizing Incheon Port hinterland. Therefore, Incheon Port can
perform the role of an export port, breaking away from the stereotyped function of the exclusively import port. To do
this, 16 key factors were derived through in-depth-interviews. These were hierarchized and the Fuzzy-AHP research
model was designed, and the empirical analysis was conducted.

As a result, it was found that in the Criteria level(Level 1), “food safety factor” was evaluated as the highest
priority, and in the Subcriteria level(Level 2), “the building of cold chain” was evaluated as the highest priority,
followed by “technological capabilities” and “convenience in export import distribution,” and this reflects the
characteristics of food, meaning that food hygiene and safety should be considered as top priority, and based on these
results, the strategic implications were presented to the government, Incheon Port Authority, and the food industrial
circles.

Keywords: Port Hinterland, Processed Foods Industry, Fuzzy-AHP
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Table 2. Top 20 Agro—foods Exporting to China in 2015
(90 A =, %)
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5 121069090 | 7IE} ZA4EE 49,761 26.5
6 | 19053100 | AYE BAF 26,144 36.8
7 103079900 | 7JEt AAEE IFEAE | 24,904 20.8
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B EE He I3

18 | 19041000 2ARE 12,053 52.1
19 | 19019000 | 7Iek ok 2AXES | 12,043 26.3
20 | 13021990 A 8L 11,034 38.4

Source : KITA(2016)
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Table 3. Influencing Factors of Chinese Consumers purchasing
Korean Foods

= SEA ¥ HIZS(%)

7+4 62 12.3

3 127 25.2

Sk 95 18.9

MVA k=S ) 159 31.6
FLIE 40 7.9
Hejet 21 4.1

A 504 100.0

Source : Korea Institute for Industrial Economics and
Trade(2014)
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according to the In—depth Interview
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Table 7. Characteristics of AHP Questionnaire Respondents
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Table 8. Triangular Fuzzy Number
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Table 9. Fuzzy Weighted Value for Activation Factors
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Table 10. Fuzzy Weighted Value for Activation Key Factors
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The effects of the internal Green Supply Chain Management on the
external Green Supply Chain Management and environmental
performance

Seung-Gi Lee - Byung-Keun Kim'

School of Industrial Management, Korea University of Technology and Education

This research aims to examine the relationship among the internal green supply chain management (environmental
management capability and green product design), the external green supply chain management (green purchase and
cooperative relationship) and environmental performance. Data was collected from a questionnaire survey of 247
firms that participated in the Green Partnership Program of the Korea Institute of Industrial Technology. Based on a
valid 155 responses, we test hypotheses using Structural Equation Model (SEM) method.

Empirical results show that internal green supply chain management (environmental management capability and
green product design) appear to facilitate the external green supply chain management (green purchase and
cooperative relationship) at a significant level as expected. The external green supply chain management (green
purchase and cooperative relationship) appear to mediate the relationship between internal GSCM practices and the
environmental performance.

Keywords: green supply chain management, external GSCM, internal GSCM, cooperative relationship, green
purchase, green product design, environmental performance, structural equation model
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Atz Ak glom, Axl=nt ofyet 7H55|L77}Z]
e o] N E=7E Ao o] ulA| ool F7bE A
ojth, sl Z3t= Aol ek BlA| T o] o}
A3 Q)=d), 71449 (Technical Barriers to Trade) #710]
20049 51.6%°A 20119 81.2%= Z7IskATHA| 2|74 A 5
(2012), = A2 1HA] AA B8 HFm=w),

SAZN thek 4xH]RFe] Q14 o] Eolrlof wt EHe Al
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O FEFN 8 5 vkt RS FEA 719eEl °§6
2] 3L QIek(EhA] ot 14, 2012),
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otz sk 7145 =dolch, AlFol thek e ko ]1 =2
7] Wizoll Al Hest] fiRt SuAkE 719 7 9
RAC R 2] ool mfe- Fas)d Zolek O]—/F%d.l_’ﬂl o]
A%, 2019).
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2012; o]z} 2F7, 2013)2 FHFAREAIA BHA ALE
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A A=A 0R tsshe 719 e A
o] Holt}, (Porter and van der Linde, 1995; Russo and
Founts, 1997: Sharma and Vredenburg,1998). #1173 G}
of o g} 7kx|of| 7] 28}0] 714 9f 2IehE A4l e 24 E L
7198A 9t sEo] F3oll J%s mXtHShama, 1995;
Menon and Menon, 1997; Banerjee, 2003).

T B 7I9ES aA]l 2 AE FAEk] Slel 2
#2285l (environmental management system: EMS)&
E=dshar olok EMSe 719 &, AlE At 2 38 &9 o
oA AT 4 Sl o fase weEshal SR FYEE &
2318t7] et A9 Al&"o|tH(Roberts and Robinson,
1998).
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IHAAE 19708 Aol B8-S SIF AA
Aol =YPH Ao At R] FottrE 19909 o 2 A
7F AlE SR SHEI o] ShFAE digh Aot
=obglo] whet iAo Fa4do] HA wokaL Sl 7Y
= AlEol tigh FelEd o & thohyzt AlE Hl71 Aol
= 2 AHAIE 2SS A HHA o5 Fastetr] ofet 19
A7eo] =YH ALl

A Y] avte A, =y - of Al sEAE o
A7t 7kt addAE 4= SEHAIE LT EA &
T A Bes SHARLE v YAShL SEAlE
tiAe = A "ot EA, AlEe] B Aale] 7]efRith 11
A7 7He o SAAR AEE A sk 718E
SHET 4 gl Bk oyt 7] fo]m]A] AjAdef E=fol Hif, ®
gt ad Al s A ALY fEE EY S AL ALt
7N BlAEAE AAD 5 Uk AR, AFe] 2
S Mo A oy 9 AR SH9 AR £0l1 H)7]
= TS AdAlste] dA4MH a7t dvk(Dechant and
Altman 1994; Porter and van der Linde 1995; Klassen
and Johnson, 2004; o|H<3} ¢H&-7], 2015).
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Aoz o5 AdYst7| flaf FaAtel tigt 2 muE Yt &
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71909 SEA TS FHAI71 LA Bl Egoltt,

SaAtel gt e Wk FaAbell diet Al 7Rt
|78 Aol whet o2, HAks 5 7ol YEshe
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= PSSt B S S ARt FEoR 2
74 W AFE sEskaL Aggtt (Klassen and Vachon,
2006, Lee and Choeng, 2012).
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2012; Green et al., 2012; Yang et al., 2013; Zhu et al.,
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(RMSEA) k= AREstlen &2 Ad=E A4sh7] Hls 2
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=|ick, 014 @ QlEA] AT (Table 3)7 Zth, CMIN/DF
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Table 1. Confirmatory Factor Analysis Model Fit

CMIM
/DF

RVMR | GFI | AGFI | CFI NFI IFI | RMSEA

1.409 | .031 | 921 | .879 | .978 | .930 | .979 | .052

3.2.3, 2A=T9 A4 BY

2 Ao Y 244 Relg o sl ofe] 3
2o 74 Hde 24500, (Table 2)0] H=E 24 23}
2 golngl AEukst dut gl 0,80 2stel 24T A
= 2A} g 202 tebd

Table 2. Validity of measurement model

s PIENETS

Harg AVE
1 2 4 5 (CR)
I (GP) 1 7 911
SEARE FE(S0) | .570%%(.033) 1 .801 923
e 9=HEC) | .578%#(.033) | .750%#(.056) .803 .891
IH4A(GD) AT8¥(029) | .281%#(.078) | .309%*(.095) 1 997 .866
734 HEP) T91%%(.063) | .422**(.018) | .589**(.035) |.579**%(0.34) 1 .819 .932
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A el o8& Belsh| glaf 228} agh, HdAl=E
(CRIZL BatErl+E(AVE) g2 A5s9lon e} agh: e R R s VARSI P e R e VAR e
0.5 ok, A== 2k 0.701d, BEAFZAVE) 25 05 oJape vt A3 BAjsilr,, B3 R 1agdAletezt
ool 3% Hof HFErAol SRErh BT WEEHIALY g7 ke ujA = A= g@,—a}gﬁ
rolde ERlslr] 93 BtRArFSAVERL ) Al Al (Table 4> ATRE O T2uAA] mdlo] 274 Azlo|c}
A

o ATskon ASAN Al Aol AVERE 4 owmalo) Hske A% Axk CMIN/DF = 1,662, GFI = 907,
1A grot TrErd-do] SRSl ASHAY & A7 N1 = 917, IFI = 966, TLI = 955, CFI = 966, RMSEA =

ATEF T3 AR T oA AT 452 9dll Hair et pgaz e} ARH o2 228 7131 7HS Hol2olr)

al, (2006)7} AIAIRE S ol-gstglon, wHedAS AAst TREAAA A LE T2 93 U 7|ZH|CR.
7] 913} Fornell and Larcker(1981)7F AIARE W< O1E31%  (yritical Range)®] At gho] +1.96014k0]H Sajisr) S
T}, (Table 3) -2 Bf/d 7F daks HojEn Ze0]] 5% 9-0] oz A O3t QJFRS 2L Aow B 2 o))

Table 3. Reliability analysis result

AN = 201 MAfx| DRE| Cronbacha

02-2 672

IR (GP) 2-3 .883 77.007 .850
02-4 .892
B2-2 794

TEARE EE(S0) B2-3 782 75.686 .839
B2—4 813

se] 9J=HEQ) o 569 86.335 840
C1-3 .836
03-1 768

2=4AGD) 03-3 .868 80.841 787
03-4 .898
Di-1 871

3 2HEP) D1-2 .866 75.330 .836
D1-3 813

Table 4. Research Model Test Results

7 A= " lﬁé;; ;.t) SE CR P s
7Hdl | SR HEHEC) — FEAREEE(SO) | .464(.326) .064 5.084 st e
72 | AT GHEC) — ™A (GP) .759(.519) 074 7.054 i e
73 | BAEE IFEEC) — A THEP) —.248(-.192) A1 -1.734 .083 712t
Hd4 | 2-AEAGD) — 35 AREEE(S0) .359(.212) .051 4,184 sk A
7Md5 | a-AAGD) — 13 (GP) .134(.077) .040 1.948 .051 A
7Hd6 | T-AAGD) — 75‘, JIHEP) .293(.191) .054 3.557 s A
7HAT | FEAREEE(SC) — S ZHED) .542(.598) 116 5.165 ok e
7hd8 | Z-AH(GP) — 33 *é#(EP) .424(.481) 153 3.132 .002 e
E—— CMIN/DF = 1,662, GFI = 907, NFI = 917, IFI = 966,
TLI = .955, CFI = .966, RMSEA = 064




ST gt 1AAREEY TAC T OHE D2 Ae
Zho] 0.464, C.R. = 5.0842 99%2] Alg3o) 4] §-23l0] 7}
Aol A =|9ict, S e] Akt TRitu) o] wAof Bt 7h
A e Al gl 0.759, C.R. = 7.0542 99%2] A4
A f-osto] 710 e Eqlct,

T S| Akt e Te] wA o et M 32
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o & Yeh 7Hde] 7)12t E9irt,

JAAAI} FEAREEE e IO Bet OHE H= A
0] 359, C.R. = 4,184 99% Al &4Zof| A 23t Z o2 vie}
U 74Ao] A =|glch, AL it o] T Bt FF
A 5 Alg ol 134, C.R. = 1.9482 90% Alg4zoA
OJgt 210 2 pefLt 744 o] A= glt,

aAAe} 3Tk Al Bet Y 6)2 A
.293, C.R. = 3.557% 99% Alg|zol Al fofgt Ao & veht
7ol AelE|glet, FaAkEE 343 ake] A of Bt 7F
A 7y Ag ol 542, C.R. = 5.1652 99% Al&olA &
OJgt 210 & LefLt 7HA o] Al =gl

JRaeh BTk Al Bet HE 82 A
424, C.R. = 3.1322 99% Al &0 A 28t A S 2 et
71 o] A= gict,

1 39 e akol e date] et wAZF 29 %
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R PRl b ed i et R B ) e o Bl S el e
H40ke] JAIE Uetle 7H& 5 AfgE|o] a7 =] of
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(Table 5)& F7H o2 w7 ante] HHH =5 H5e
ojct, AWHAEES AMg-sto] IHIARY {4 HFS
AMOSIA 3 ¥4 (Phantom variable)E %319 95% Al
7 BCY REAEFY 50003 £4& Aot wot
Preacher and Hayes (2008)7} A|A1$F SPSS MACRO 7Hd &
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5000&*1 AAjstel 43 o8 HAES ARG 1, 28,
H A7 9] zzho] 3.623, 2.869, 3.236 2.2 95% 5-9]4=Z0 A
7&%3347} o 4¥ AR9| z7ko] 164207 90% G4

oA LRI} G A0 BF Helch
FHHsE AT 1W HEE 096~.379, 291 F

.067~.513, 381 ARE= 059~.240 A=t ZhoflAf 0%k
3He|z] ggroma 9594204 ZH AT ojgt Ao
ZElth 4 A2E - 010~.1232.2 07HS E3slal 3lo]
95%A TP a7} gl AR UERou 90% #-2 420l
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Prediction and Source Inference of the Global Supply Chain
Operational Risk Based on Principle Component Regression

Sung Joon Yoon - Yang Byung Park' - Jun Soo Yu

Department of Industrial and Management Systems Engineering, Kyunghee University

In modern business environment, supply chains become more vulnerable to operational risks due to globalization.
It is a critical issue for supply chain managers to manage operational risks proactively and effectively. This paper
proposes the operational risk management model of global supply chains. It predicts the supply chain performance
based on principal component regression, assesses the supply chain risk using the modified adaptive exponentially
weighted moving average control chart, and infers the core operational risk source using a methodology based on
principle component analysis. 23 kinds of operation indicators are developed to measure the local operating
performance. The model is successfully applied to an industrial example.

Keywords: Supply chain risk management, Principle component regression, Performance prediction, Operational
risk assessment, Operational risk source inference.
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Table 2. Observed values of 44 significant Ol in the current period
RFR5 LYR5 RFR4 DDR2 DTR2 LVR9 SLR1 SVR1 RFR2 RFR6 PLR2
0.75 0.22 0.45 0.02 2.03 0.1 0.63 0.00 0.89 0.56 0.84
LYR7 LYR8 LCR6 RER3 LCR5 RTR4 DOR?2 SLR2 PER LCR3 LCR3
0.02 0.01 0.00 0.03 0.00 3.41 0.36 0.49 0.17 0.03 0.07
PLR1 PVR LYR3 RVR3 SDRI1 LRR2 RTR1 RVRI DOR1 RVR6 LCR10
0.63 0.01 0.04 0.05 0.16 0.02 2.11 0.24 0.05 0.02 0.01
RFF3 DTR1 LYR4 RVR2 LVR3 LDR7 LVR6 LVR8 DVRI LYR6 DSR2
0.02 1.31 0.01 0.00 0.02 0.00 0.01 0.03 0.01 0.06 0.98
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Table 3. Computation of AEWMA for nine periods in the example

t e, 9., o z
1 0.025 0.006 0.24 0.713
2 0.013 0.003 0.23 0.714
3 0.027 0.007 0.26 0.715
4 -0.048 | -0.012 0.25 0.718
5 -0.033 | -0.008 0.24 0.718
6 -0.022 | -0.006 0.27 0.715
7 0.005 0.001 0.20 0.713
8 (present) 0.037 0.009 0.24 0.712
9 (next) -0.097 | -0.052 0.54 0.691
0.720 ,/.__\‘
ars s
s —%
= X
- \
0.685 T

Fig. 3. AEWMA control chart in the example
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Table 4. Top ten Ols for being an operational risk source in the example

Ol Prob. Ol Prob.
PLR2 10.43% DVRI1 2.47%
DTR1 4.08% LCRI10 2.45%
LYR6 3.64% RFR4 2.42%
LYR3 3.22% LVR8 2.42%
DSR2 2.63% SDR1 2.36%
4 AE 9 FFIA
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